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I.utr.Q_r.illg_i.Qn 
The primary aim of this proposal is to validate diisocyanate (DIISO) specific in vitro 

cellular tv.CP-·l as a diagnostic marker of occupational asthma (OA) by u-;ing the specific 
bronchopr.:wocati.:>n test (SBPT) as the gold standard for diagno~is. A secondary aim of the 
study is to evaluate the sensitivity and spe"ific"ty of in vitrJ serum DilSO-HSA specific IgG and 
lgE responses for identification of diisocyanate asthma (DA) confirmed by the SBPT. This 
report summarizes and discusses the results obtained in this study. 

C lin ica l Methods 

2 

Subjects. A pibt study was conducted in 3 g roups including: Group I) formerly exposed D IISO 
workers ;n whom a diagnosis of diisocyanate asthma was confirmed by a SBPT with the 
diisocyanate chemical encountered at work ; Group II) a group of fom1erly exposed workers 
w ithout DA._ excluded by a negative SBPT; and Group Ill) a control group 0f volunteers with no 
exposure to diisocyanates. All subjects were successfully recruited from the occupational 
respi ratory clinics of Drs. Malo and Canier at the Hopi tal Sacre-Couer in Mo:-ttreal. Canada and 
of Dr. Boulet at Hopi tal Laval in Quebec. 

Afedicnl evaluation . All subjects undenvem complete medical and occupational histories. The 
~::xact nature and duration of exposure to various agents at work was obtained. Methacholine 
testing was performed in each subject as was baseline spirometry resting . Singlt blinded placebo 
controlled inhalation challenge tests with workplace relevant isocyanate agents were administP.red. 
A positive response was defined as a greater than 20% decrease in fEV1 from !Jre-challenge 
baseline. Venipuncmre was performed to obtain 60-100 cc o f peripheral blood which was 
amtcoaJulated via acid citrate buffer. Samples were immediateiy packaged and shipped 
overnight from Canada to the university of Cincinnati Allergy Laboratory for imrrediate 
processing by separation of peripheral blood mononuclear cells (PBMCs) and placement in tissue 
culture media with diisocyanate-HSA conjugate antigens anci control antigens. Preliminary 
studies t·ldicated that 24 hour shipping had no significant effect on antigen stimulated in vii.ro 
\1CP- I production. Nlcthous are described below· 

La hot·:ttorv Methods 

Preparation of diisocyanate-lttwiWl sem m a/hum in amigens. Hexamethylene diisocyamue 
(E-!01) - . methylene diphcnyl diisocyanate (MDI)-, and toluene diisocyanat~ (TDI)- conjugated 
hum:m serum albumin ( H~ A) antigens (HDl- HSA. MDl-1-!SA. TDI-1 !SA) were prepared and 
characterized as previously described (I. 2) TypicJI Iy. diisocyanare antig~ns contain :-13 moles 
of isocyanate per mole of protein. 

In 1·irro stimulatio11 of PIJAIC\·. Mononuclear cell s purified rrom whole blood consist o f S I - 89 
)'o l~·mphocytes, 9- 14% monocytcs, 2- 5% granulocytes. t)- <. 7% cosinophils. < 2% 
bas~)phils. and negligibk platclcrs and red cells. Cells are suspended in RPMI med1um 
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containing 5 % heat inactivated FBS as previously described and plated at a cell concentration of 
5 x 106/ml. anc incubated with HBSS, PHA, HSA. TDI-HSA, MDI-HSA, or HDI-HSA. The 
mitogen. PHA, a non-specific activator of PBMCs served as the positive control reagent. After 48 
hours incubation. 37°, 5% C01, supernatants are removed and stored at -80°C until assayed (3,4). 

Immun Jclz emical assay for MCP-1. A ccmmercial immunoassay were used to quantitate MCP-
1. Data was analyzed for ant15en induced MCP · I synthesis. Spontaneous production (media 
alone) and HSA enhanced production ofMCP-1 by PBMCs was also assessed. A positive MCP
l response is ctefined as supernatant levels that are 3 standard deviations above the me'ln MCP- 1 
obtained from antigen stimulated cultures of a reference group (n=8) of non-diisocyanate 
exposed subjects without asthma. 

Specific rmri-diisocyanate-HSA serum antibodies. Specific !gE and IgG are assayed ir. all 
subjects. High protein binding ELlS A plates are coated with 10 1-1gimJ of protein antig~n. Ten 
non-DIISO exposed control sera. a positive reference serum anC: patient sera are added to the 
plate at dilutLons of l: l 0 and l : 100. lgE amioodies are measured by a sandwich inciirect ELISA. 
using unlabeled goat anti-human IgE. followed by alkaline phosphatase labeled rabbit anti-goat 
immunoglobulins (5 ). IgG antibodies are measured by standard indirect EUSA. :\. kinetic assay 
procedure is used, in which all reactions were terminated with I N NaOH when a standard 
posi ti ve control serum shows an 00~05 run of0.0. Sera are considered positive at rn 00 readmg of 
J standard deviations ~reater than the mean OD of 8 neg:ltive controls. 

Dt!ta A11alysis . The specific antibody and MCP-1 data were 3nalyzed as cat~gorical cata. 
Characteristics of s~nsirivity and specificity were determined for tne in vitro MCP-l assay. MCP- 1 
results between the 3 groups wel'e also compared by one way .-\.1'\JO\' A. 

RESULTS 
Anrioodv S tudies 

lmmunoassays were pr. rformed in 18 diisocyanate work e. s e:-;posed to on I! or· three 
diisocyanatc chemicals [TO! (n-=4): MDI (n=S); HDf (n=9)]. Eight .subjects were SB PT positive 
and 10 were negative. Based on results ofthe SBPT. sensitivity and/or specificitv of elevated 
splgE (3 SD ~ control-mean and > OD ofO. I) were 63% and I 00%. respect~vely . SpT~E 
antibody status was significantly associateri with a po~iti vc:: SBPT (p=0.03). The :Jredictive values 
ofa posi ti ve and a negative sp lgE ttst were ~00% and 73%. respecti vely The st:!nsi tivi ty and 
:,pccificity o f Dll SO-HSr\ sreciric igG were 63% and 78% respecti,·ely The me~m duration of 
~xposu rc prior to lesting was longer in the SB PT positive ( 15:r:9 . .3) \'S. SBPT negauvc (6.1 ±5 
months) workers (p=0.02) but no difference was found between antibody positive ~nd negative 
workers. This demonslr:nctl that Df!SO-antigen splgE is highly sp~cific in cor.tirming DIISO 
as~hma out lacks rhe sensitivity or negative predictive value required to t:xclude OA among DllSO 
\vorkers. In cont rast, sp lgG had moderate sensitivity and a high frequency of fa lse positive 
results. SplgE was assayed 6-20 months atlcr cessation of DIISO exposure validating the u:;e of 
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this test in formerly exposed workers. 

In vitro anti~en stimulated MCP-1 production 
These results are shown in cab le I and also in figure 1 ttnd expressed as ng/mi ofMCP-1 

production ?.t 4? hours after co-culture with antigens. Of 18 workers who underwent SBPT, 8 
were positive to SBPT (Group I) and 10 were SBPT negative (Group 2). Eight nor.-t::xposed 
controls (Group 3) were assayed for in vitro MCr I activity . The mitogen, PHA, was the positive 
control stimulator used to test the non-speci[c MCP-1 response of shipped cells. As shown in 
table I, the the mean PHA response was 49 ~ ng/mJ in the SBPT+ group versus 3:?2 ng/mJ in the 
SBPT- group but the difference was not significant (p=O. l 0) . 

Ther~ was no significant diffe;ence between Groups ! ,2 and 3 in the MCP-1 responses to 
md.ividual diisocyanate-HSA antigens or to "work-relevant antigens" (i.e., the MCP-1 response 
produced by in vitro stimulation with the antigen prepared from the identical chemical to which 
each subject was exposed to at work) . Therefore. MCP- 1 results were anal ,ned as the "maximal 
response'' to any of a panel of 3 ami gens prepared in our laboratory (MDI-HSA. TDI-HSA and 
HDI-HSA) (see table 1). In table 1, data is shown in only a small number of subjects for lVtCP-1 
responses obtained with diisocyanate-HSA conjugares prepared in the laboratory of Drs. William 
Browr1 and Amy Kennedy (TO ISS, TO I 56, TOle I, M.J -67 and l\IDl68) . Due to the limited 
numbers of purified PBMCs available for each experin . .;nt. it \vas not possible to conduct 
experiments in every subject with the iatter antigens. Therefore, there was not adequate data to 
compare the perfonnance of antigens prepared in different laboratories . 

Because background MCP- 1 responses to HSA and media were minimal, and did not 
affect overall resl!lts, the data is expressed as the maximal diisocyanate-HSA induced MCP- 1 
,.,.ithout corrections for media or HSA alone. Kruskal-Wallis one way .ANOVA demonstrated a 
signiticant difference (p < 0.05) between Group I and Group::?. and Group I and Group 3 . 
Figure I suggests that the MCP-1 assay was specific for identifying challeiige positive workers at 
a level of MCP-1 above 300 ng/ml There is overlap between groups I and 2 at levels ~ 300 
ng.rml. When a positive MCP-l response is defined as ~ 3 SO above the mean of Group 2 \161 
ng/ ml). all 8 workers who are SBPT positive (Group ! ) were also MCP-1 positive as opposed to 
3: I 0 ~nallenge MCP-1 positive SBPT negative workers (Group 2) . Thus, this assay exhibited 
; OO~·o sensitivity and 7 1% specificity tor identification of Dr\. 

A sub-analysis was performed o n those workers with active astl-,ma in groups I and 1 
.::o nlirmed by a positive methacho line test: this included 8 workers in Group I and -1 workers in 
Group 2 . Figu re 2 shows that there was clear separation ofi'vtCP-l responses between 
d iisocy·anate asthma (Group I) and asthmatic SBPT negative worKers in group 2, \vhich suggests 
that the ~ssay could be more specific i f applied primarily in the evaluation of asthma~i(; workers 
'-'-lth a high pre-test prob~bi l ity o f having DA. The test could be use ful in discriminating asthma 
:·rom non-01\ in workers chronic~ll l y exposed to diisocyanntes. 



.. 

5 

SUMMARY AND co· -eLUSIONS 

[n summary, tht:se studies ofworkers with ::isocyanate asthma (DA) demor.strated that in 
vitro production ofMCI-' - l by diisocyanate antigens was specifically increased in WfJ:"kers with 
diisocyanate asthma and not i:!cre~sed in isocyanate exposed workers with non-occupational 
asthma_ In contrast to previous studies ofMCP-1 in diisocyanate workers who \vere not 
confirmed via the SBPT, MCP-1 responses were not specific for the relevant isocyanate antigen 
(to wruch the workers had previously been exposed to) in the workplace_ This could be explained 
by the possibility that epitopes providing optimal stimulation could be fo. ned by a hetero logous 
ligand-carrier protein conjugate. Thus, use of a pane: of diisocyanate antigens in the MCP-1 test 
may yield optimal diagnostic sensitivity. The test may be more efficient if applied specifically to 
diisocyanate-exposed workers in whom a diagnosis of asthma has been objectively confirmed by a 
positive methacholine test or by clinical documentation of variable airilow obstruction (see figure 
2). 

Overall the results clearly indicme that in vitro diisocyanate enhancement of MCP-1 could 
be a useful diagnostic test fer DA However, the unequivocal validation of this cytokine assay 
for use in the routine evaluation of DA can only be achieved in an expanded study with larger 
group:; of well characterized groups of diisocyanate-exposed asthmatic workers_ 

Antibody data confirrr.ed results of other groups of investigators which showed that 
elevated serum specific IgE for tviDI-HSA and HDI-HSA are specific tests which can be useful in 
cooftrming OA in a subset of affected workers but this assay lacks the necessary sensitivity needed 
to rule out a diagnosis ofDA Because different ar.tibody assays are currently being used in the 
clinical evaluation of diisocyanate-exposed workers, further studies are needed to refi11e and 
s::1ndardize methods used to measure diisocyanate antigen specific IgG and IgE assays. 

I 
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Figure 1. MCP-1 response to any diisocyanate-HSA antigen 
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Figu r~ 2 . In vitro MCP-1 responses i:-~ won .. ers wi th confirmed D A (n=8) and in diisocyanate 
exposed wo:-kers with .. mt DA (n=4) . 

MCP-1 measured at 48 hrs. incubation with DIISO-HSA 
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